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Wkh vprrwklqj lpsdfw ri vfdo vwdelol}huv +sur{lhg e| jryhuqphqw h{0
shqglwxuhv, rq exvlqhvv f|foh yrodwlolw| lv vwxglhg iru d sdqho ri HX frxq0
wulhv lq wkh shulrg 4<:304<<<1 Vshfldo hpskdvlv lv sxw rq wkh lqyhvwljdwlrq
ri srvvleoh qrqolqhdulwlhv lq wkh uhodwlrqvkls ehwzhhq JGS jurzwk yrodwlo0
lw| dqg vfdo vwdelol}huv1 Wkh uhvxowv vkrz wkdw wkh exvlqhvv f|foh yrodwlolw|
vprrwklqj hhfw ri vfdo vwdelol}huv pd| uhyhuw dw kljk ohyhov1 Wkh uhvxowv
krog zkhq xvlqj jryhuqphqw uhyhqxhv dv d sur{| iru vfdo vwdelol}huv1
MHO fodvvlfdwlrq= H95/ H96/ F56






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ilvfdo srolf|/ dffruglqj wr d w|slfdo wh{werrn ghqlwlrq kdv wkuhh eurdg ixqf0
wlrqv= doorfdwlrq/ glvwulexwlrq dqg vwdelol}dwlrq1 Doorfdwlrq srolflhv ghdo zlwk
wkrvh dfwlylwlhv lq zklfk lw lv eholhyhg/ rq sudfwlfdo ru wkhruhwlfdo jurxqgv/ wkdw
jryhuqphqw pd| doorfdwh uhvrxufhv pruh h!flhqwo| wkdq pdunhwv1 Wkh glvwule0
xwlrq ixqfwlrq lqyroyhv d uhdoorfdwlrq ri uhvrxufhv rq wkh dvvxpswlrq wkdw wkh
pdunhw rshudwhv exw surgxfhv ohvv ghvludeoh rxwfrphv wkdq vrfldoo| dffhswdeoh1
Wkh prvw reylrxv phwkrg ri uhglvwulexwlrq lv wkurxjk wkh lqfrph wd{dwlrq v|v0
whp dqg wkurxjk ydulhg udwhv ri lqgluhfw wd{dwlrq1
Wkh wklug pdlq jrdo ri vfdo srolf| lv wkh vwdelol}dwlrq ri exvlqhvv f|foh  xf0
wxdwlrqv1 Wkh xvxdo xqghuo|lqj dujxphqw lv wkdw rxwsxw yrodwlolw| kdv d qhjdwlyh
lpsdfw rq orqj0whup jurzwk1
￿ Wklv dvvxpswlrq lv lqvsluhg e| vhyhudo wkhruhwlfdo
xqghuslqqlqjv= D uvw dujxphqw lv uhodwhg wr vnloo orvvhv gxh wr whpsrudu| xq0
hpsor|phqw gxulqj uhfhvvlrqv zlwk qhjdwlyh frqvhtxhqfhv rq surgxfwlylw| dqg
orqj0whup jurzwk +Pduwlq dqg Urjhuv/ 4<<:,1 D vhfrqg olqh ri dujxphqwdwlrq
uhvwv rq wkh revhuydwlrq wkdw jurzwk lv xvxdoo| orz lq shulrgv ri srolwlfdo lqvwdelo0
lw|1 Khqfh/ dq lqfuhdvh lq srolwlfdo xqfhuwdlqw| dv d frqvhtxhqfh ri kljk exvlqhvv
f|foh yrodwlolw| pd| ghsuhvv wkh survshfwv iru phglxp0whup jurzwk +Dohvlqd hw
do1/ 4<<5,1 Dqrwkhu dujxphqw uhihuv wr fuhglw0pdunhw lpshuihfwlrqv wkdw pd|
irufh upv wr fxw wkhlu h{shqglwxuh rq uhvhdufk dqg ghyhorsphqw gxulqj grzq0
vzlqjv dv edqnv xvxdoo| gr qrw dffhsw kxpdq fdslwdo dv froodwhudo +Vwljolw}/
4<<7,1 Wkh prvw frpprq dujxphqw vwuhvvhv wkh lpsruwdqfh ri xqfhuwdlqw| iru
lqyhvwphqw= Li lqyhvwphqw ghflvlrqv duh luuhyhuvleoh/ lw pd| eh udwlrqdo iru upv
wr srvwsrqh wkhp lq wlphv ri xqfhuwdlqw|1 Wr wkh h{whqw wkdw kljk exvlqhvv f|foh
 xfwxdwlrqv lqfuhdvh wkh xqfhuwdlqw| derxw wkh ixwxuh survshfwv ri wkh hfrqrp|/
wkh wkhru| suhglfwv d qhjdwlyh uhodwlrqvkls ehwzhhq f|folfdo yrodwlolw| dqg orqj0
uxq jurzwk yld orzhu lqyhvwphqw +Gl{lw dqg Slqg|fn/ 4<<7,1
￿
Wkh vwdelol}dwlrq ri exvlqhvv f|foh  xfwxdwlrqv wkurxjk vfdo srolf| phdvxuhv
fdq zrun wkurxjk +dw ohdvw, wkuhh glhuhqw fkdqqhov1 Wkh uvw fkdqqho uhihuv wr
wkh prvw w|slfdo vwdelol}dwlrq hhfw ri vfdo srolf|= wkh uroh ri dxwrpdwlf vwdel0
ol}huv1 Wkhruhwlfdoo|/ dxwrpdwlf vwdelol}huv vprrwkhq hfrqrplf dfwlylw| wkurxjk
wkh dxwrpdwlf uhvsrqvh yld wd{hv dqg wkh wudqvihu v|vwhp= Lq uhfhvvlrqv ihzhu






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































￿ zklfk erwk vxssruw lqfrphv1 Ylfh yhuvd/ gxulqj d errp
wkh lqfuhdvh lq jryhuqphqw uhyhqxhv iurp wd{hv dqg wkh uhgxfwlrq ri wudqvihu
sd|phqwv frxqwhudfwv wkh h{sdqvlrq lq djjuhjdwh ghpdqg1 Wkhvh nlqg ri wd{hv
dqg wudqvihuv uhdfw dxwrpdwlfdoo| wr fkdqjhv lq wkh hfrqrplf vlwxdwlrq dqg fdq
wkhuhiruh eh uhjdughg dv gluhfw vfdo vwdelol}huv1
¶
Wkhuh lv/ krzhyhu/ d vhfrqg/ lqgluhfw vwdelol}lqj fkdqqho ri vfdo srolf| wkdw
lv uhodwhg wr jryhuqphqw h{shqglwxuhv wkdw uhpdlq {hg lq vl}h lqghshqghqw ri
wkh vwdjh ri wkh f|foh1 E| qrw uhvsrqglqj wr wkh f|folfdo frqglwlrq ri wkh hfrq0
rp| wkh| lqgluhfwo| kdyh d vwdelol}lqj ixqfwlrq/ wrr1 Wkh wklug fkdqqho wkurxjk
zklfk vfdo srolf| fdq  dw ohdvw lq sulqflsoh  kdyh d vwdelol}lqj hhfw rq wkh
exvlqhvv f|foh lv wkh xvh ri glvfuhwlrqdu| vfdo srolf| phdvxuhv1 Hyhq li wkhuh lv
vrph hpslulfdo hylghqfh iru d vwdelol}lqj hhfw ri glvfuhwlrqdu| phdvxuhv +vhh/
h1j1/ Ydq ghq Qrrug/ 5333,/ wkh pdmrulw| ri wkh sdshuv srlqw dw d sur0f|folfdo
eldv ri wkhvh phdvxuhv dqg wkhuhiruh dw d ghvwdelol}lqj hhfw/ d ylhz dovr wdnhq
e| lqwhuqdwlrqdo lqvwlwxwlrqv1
Ri wkhvh wkuhh vwdelol}lqj hhfwv wkh dxwrpdwlf vwdelol}huv duh fhuwdlqo| wkh
rqhv wkdw duh prvw uhohydqw iru wkh fxuuhqw ghedwh rq wkh rswlpdo uroh ri vfdo
srolf|1 Wkh glvfxvvlrq rq wkh hhfwlyhqhvv ri dxwrpdwlf vwdelol}huv kdv ehfrph
pruh lqwhqvh vlqfh wkh vwduw ri wkh lqwurgxfwlrq ri wkh Pddvwulfkw fulwhuld dqg
wkh Vwdelolw| dqg Frqyhujhqfh Surjudpphv1 Wkh jrdo vhw rxw lq wkh Vwdelolw|
Surjudpv lpsolhg wkdw frxqwulhv vkrxog uhdfk d exgjhwdu| srvlwlrq cforvh wr edo0
dqfh ru lq vxusoxv* lq rughu wr eh fdsdeoh ri ohwwlqj dxwrpdwlf vwdelol}huv sod|
ixoo| dqg v|pphwulfdoo| ryhu wkh exvlqhvv f|foh dqg dw wkh vdph wlph qrw euhdfk
wkh 6(0ghflw fulwhulrq ri wkh Pddvwulfkw wuhdw|1
Wkh uhfrpphqgdwlrq wr ohw dxwrpdwlf vwdelol}huv ixoo| sod| fdq eh irxqg lq
pdq| r!fldo grfxphqwv ri lqwhuqdwlrqdo lqvwlwxwlrqv vxfk dv wkh RHFG/ wkh
LPI ru wkh Hxurshdq Frpplvvlrq1 Wkh| duh w|slfdoo| ri wkh iroorzlqj irup=
cpdlqwdlqlqj d phglxp0whup srolf| irfxv zlwk v|pphwulfdo xvh ri dxwrpdwlf
vwdelol}huv lv hvvhqwldo iru qrq0lq dwlrqdu| jurzwk*/ clpsruwdqfh ri ohwwlqj dxwr0
pdwlf vwdelol}huv zrun +erwk rq wkh uhyhqxh dqg h{shqglwxuh vlgh,* ru cuhvwulfw
wkh xvh ri glvfuhwlrqdu| exgjhwdu| srolf| lq rughu qrw wr rvhw wkh exlow0lq phfk0
dqlvp ri dxwrpdwlf vwdelol}huv* +vhh/ h1j1/ RHFG/ 5334/ Khoohu/ 5335/ Hxurshdq
Frpplvvlrq/ 5334,1 Reylrxvo| wkhuh vhhpv wr eh frqvhqvxv lq wkhvh lqwhuqd0
wlrqdo lqvwlwxwlrqv wkdw dxwrpdwlf vwdelol}huv duh hhfwlyh lq vwdelol}lqj wkh exvl0






































































































































































































































































































































































































































































































































































































































































































































































































































































6Hpslulfdoo| wkhuh duh wkuhh eurdg fdwhjrulhv ri frqwulexwlrqv ghdolqj zlwk
wkh lvvxh ri wkh hhfwlyhqhvv ri vfdo vwdelol}huv/ vrph ri wkhp irfxvlqj rq wkh
h{shqglwxuh vlgh/ vrph ri wkhp rq wkh uhyhqxh vlgh ri wkh exgjhw1 Prvw lqwhuqd0
wlrqdo lqvwlwxwlrqv xvh wkhlu odujh0vfdoh pdfur0prghov wr hvwlpdwh wkh hodvwlflw|
ri wd{ uhyhqxhv ru sxeolf h{shqglwxuhv zlwk uhvshfw wr fkdqjhv lq rxwsxw ru wkh
rxwsxw jds1
‰ Wkh vhfrqg dssurdfk lv wr fkdudfwhul}h wkh uhvsrqvh ri rxwsxw wr
wd{ dqg vshqglqj vkrfnv lq wkh sdvw e| phdqv ri vwuxfwxudo yhfwru dxwruhjuhvvlyh
prghov lq rughu wr ghulyh lpsxovh0uhvsrqvh ixqfwlrqv +vhh/ h1j1/ Eodqfkdug dqg
Shurwwl/ 4<<;,1 Ilqdoo| / Idwäv dqg Plkry +5334d/ 5334e, whvw wkh fruuhodwlrq
ehwzhhq jryhuqphqw vl}h dqg rxwsxw jurzwk yrodwlolw| zlwklq furvv frxqwu| dv
zhoo dv sdqho gdwd vwxglhv1 Wkh| qg d vwurqj dqg urexvw qhjdwlyh uhodwlrqvkls
erwk iru RHFG frxqwulhv dqg dfurvv XV vwdwhv1 Vxpplqj xs/ wkh hylghqfh irup
wkhvh ydulrxv hpslulfdo vwxglhv vxjjhvwv wkdw vfdo vwdelol}huv duh lqghhg hhfwlyh
lq uhgxflqj rxwsxw yduldelolw|1
Wklv sdshu uh0dvvhvvhv hpslulfdoo| wkh vprrwklqj lpsdfw ri vfdo vwdelol}huv
xvlqj d sdqho ri HX frxqwulhv1 Rxu prgho vhwwlqj sduwo| exlogv rq hduolhu zrun
e| Udph| dqg Udph| +4<<8, dqg Idwäv dqg Plkry +5334d/ 5334e,1 Krzhyhu/
lw h{whqgv lw lq vhyhudo zd|v1 Iluvw ri doo/ zkloh hduolhu zrun lv prvwo| edvhg
rq furvv vhfwlrqdo gdwd dqg xvhv sdqho gdwd rqo| iru vhohfwhg dvshfwv/ rxu sdshu
uholhv hqwluho| rq srrohg hvwlpdwlrq1 Vhfrqg/ zh xvh dq h{whqghg vhw ri hfrqrplf
dqg srolwlfdo yduldeohv wkdw vr idu kdv qrw ehhq xvhg lq wklv frqwh{w1
Zh lqlwldoo| whvw wkh hhfwlyhqhvv ri vfdo vwdelol}huv zlwklq d olqhdu iudph0
zrun exw wkhq wdnh rqh vwhs ixuwkhu= Duh vfdo vwdelol}huv vxemhfw wr glplqlvklqj
uhwxuqvB Lv wkhuh d wkuhvkrog ohyho eh|rqg zklfk wkhlu vwdelol}lqj hhfw pljkw
hyhq uhyhuwB Wkh k|srwkhvlv ri d uhyhuvhg hhfw iru kljkhu ohyhov ri vfdo vwd0
elol}huv lv fhuwdlqo| d qhz dqg vwurqj qrwlrq lq wklv frqwh{w1 Exw hyhq li wkh
vprrwklqj lpsdfw pljkw qrw eh uhyhuvhg/ lw vhhpv hylghqw wkdw wkh hhfw ri
vfdo vwdelol}huv rq exvlqhvv f|foh  xfwxdwlrqv frxog ohyho rxw dw d kljkhu udwh
wkdq wkh rqh lpsolhg e| dsso|lqj orjv wr wkh h{sodqdwru| yduldeoh/ dffrxqwlqj
wkxv iru ghfuhdvlqj uhwxuqv wr vprrwklqj1
Doorzlqj iru d qrqolqhdu hhfw vkhgv qhz oljkw rq wkh fkdudfwhulvwlfv ri v0
fdo vwdelol}huv/ dv zhoo dv rq wkh txdqwlfdwlrq dqg qdwxuh ri wkh olqn ehwzhhq
jryhuqphqw vl}h dqg f|folfdo yrodwlolw|1 Zkloh d uhodwhg qrqolqhdulw| k|srwkhvlv/
qdpho| wkdw jryhuqphqw vl}h frxog kdyh d qhjdwlyh jurzwk lpsdfw zkhq lw h{0
fhhgv d fhuwdlq wkuhvkrog ohyho/ kdv ehhq iuhtxhqwo| irupxodwhg lq vwxglhv +vhh/
h1j1 Eduur/ 4<<3/ Vohpurg/ 4<<8,/ wklv lv wkh uvw sdshu/ wr wkh nqrzohgjh ri wkh











































































































































































































































































































































































































































































































































































































































































































































7Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqyhvwljdwhv wkh lpsdfw ri vfdo
vwdelol}huv rq exvlqhvv f|foh yrodwlolw| zlwklq d olqhdu iudphzrun zkhuh zh dovr
h{solflwo| frqvlghu wkh srwhqwldo hqgrjhqhlw| ehwzhhq wkh yduldeohv e| shuirup0
lqj lqvwuxphqwdo yduldeoh hvwlpdwlrq1 Vhfwlrq 6 wkhq lqyhvwljdwhv wkh srvvlelolw|
ri qrqolqhdulwlhv lq wkh uhodwlrqvkls ehwzhhq vfdo vwdelol}huv dqg exvlqhvv f|foh
yrodwlolw|1 Vhfwlrq 7 dssolhv wkh vdph phwkrgrorj| wr wkh glhuhqw vxefrp0
srqhqwv ri jryhuqphqw h{shqglwxuhv dqg uhyhqxhv wr h{dplqh zklfk ri wkhvh
frpsrqhqwv fdq prvw gluhfwo| eh uhodwhg wr wkh vwdelol}lqj dvshfw ri vfdo sro0
lf|1 Vhfwlrq 8 frqfoxghv1 Ghwdlov derxw wkh gdwd dqg fhuwdlq dvshfwv ri wkh
hfrqrphwulf vshflfdwlrq fdq eh irxqg lq wkh dsshqgl{1
5 Gr vfdo vwdelol}huv lqghhg vwdelol}hB 
D uvw dssurdfk
Wklv vhfwlrq vwduwv zlwk vrph fodulfdwlrqv rq rxu sur{| iru vfdo vwdelol}huv1
Diwhu d yhu| edvlf lqyhvwljdwlrq ri wkh hhfwlyhqhvv ri vfdo vwdelol}huv zh wkhq
h{dplqh wkh lvvxh lq dq h{whqghg olqhdu prgho vhwwlqj1
Lq d yhu| uvw vwhs zh zdqw wr jhw dq lpsuhvvlrq ri wkh lqwhudfwlrq ehwzhhq
vfdo vwdelol}huv dqg wkh yrodwlolw| ri rxwsxw jurzwk1 Rxu edvlf gdwd vhw frqvlvwv
ri |hduo| gdwd rq 47 HX frxqwulhv fryhulqj wkh shulrg 4<:3 wr 4<<<1
¯
514 Ilvfdo srolf|= Ilvfdo vwdelol}huv dqg glvfuhwlrqdu| sro0
lf|
Wkh uvw sureohp wkdw dulvhv lv wkh ghqlwlrq ri dq dssursuldwh sur{| iru v0
fdo vwdelol}huv1 Zh zloo irfxv rq wkh prvw jhqhudo phdvxuh= wkh dyhudjh udwlr
ri jryhuqphqw vshqglqj wr JGS1 Reylrxvo| wkh dxwrpdwlf frpsrqhqw ri v0
fdo vwdelol}huv grhv qrw rqo| zrun iurp wkh h{shqglwxuh vlgh +xqhpsor|phqw
ehqhwv dqg rwkhu wudqvihu sd|phqwv,/ exw dovr iurp wkh uhyhqxh vlgh/ pdlqo|
wkurxjk shuvrqdo lqfrph dqg frusrudwh wd{hv1 Krzhyhu/ wkhuh vhhpv wr eh qr
fohdu frqvhqvxv lq wkh hpslulfdo olwhudwxuh rq zklfk vlgh ri wkh jryhuqphqw exg0
jhw lv pruh dssursuldwh zkhq lqyhvwljdwlqj wkh lpsdfw ri vfdo vwdelol}huv= Ydq
ghq Qrrug +5333, dqg Idwäv dqg Plkry +5334d, iru lqvwdqfh/ dujxh rq wkh lp0
sruwdqfh ri wkh jryhuqphqw h{shqglwxuh vlgh/ zkloh wkh Hxurshdq Frpplvvlrq
+5335,  dowkrxjk lq d voljkwo| glhuhqw frqwh{w  uhihuv wr wkh uhyhqxh vlgh dv





































































































































































































































































8Rxu ghflvlrq wr frqfhqwudwh rxu dqdo|vlv rq djjuhjdwh jryhuqphqw vshqglqj
vkrxog eh vhhq lq wkh oljkw ri wkh glvfxvvlrq rq wkh ydulrxv fkdqqhov ri vfdo
vwdelol}dwlrq dv uhihuuhg wr lq wkh lqwurgxfwlrq1 E| irfxvlqj rq wkh h{shqglwxuh
vlgh zh gr qrw rqo| fdswxuh wkh gluhfw hhfw ri dxwrpdwlf vwdelol}huv exw dovr
wkh lqgluhfw lpsdfw ri jryhuqphqw h{shqglwxuhv wkdw uhpdlq {hg lq vl}h luuh0
vshfwlyh ri wkh vwdjh ri wkh exvlqhvv f|foh1 Wklv doorzv d pruh frpsohwh dqdo|vlv
ri wkh lvvxh ri wkh hhfwlyhqhvv ri vwdelol}dwlrq srolflhv1 Dv d urexvwqhvv fkhfn
zh zloo/ krzhyhu/ dovr suhvhqw hylghqfh rq wkh vprrwklqj surshuwlhv ri sxeolf
uhyhqxhv dqg/ pruh vshflfdoo| / gluhfw wd{hv1
Wkh xvh ri wkh ruljlqdo/ xqdgmxvwhg jryhuqphqw h{shqglwxuh vhulhv dv d sur{|
iru vfdo vwdelol}huv lv frpprq zlwklq wklv vwudqg ri olwhudwxuh1 Zh gr/ krzhyhu/
eholhyh wkdw wklv dssurdfk lv qrw zlwkrxw fulwlflvp1 Jryhuqphqw vshqglqj grhv
qrw rqo| fdswxuh d uhdfwlyh frpsrqhqw/ wkdw fdq eh uhodwhg wr wkh dxwrpdwlf
vwdelol}dwlrq ixqfwlrq/ dqg wkh sduw ri h{shqglwxuhv wkdw lv vwdeoh luuhvshfwlyh
ri wkh vwdjh ri wkh f|foh/ exw dovr d wklug/ dxwrqrprxv frpsrqhqw ri vshqglqj
wkdw uh hfwv glvfuhwlrqdu| vfdo srolf| phdvxuhv1 Hpslulfdo hylghqfh iru d qhjd0
wlyh uhodwlrqvkls ehwzhhq jryhuqphqw vl}h dqg rxwsxw jurzwk  xfwxdwlrqv frxog
wkxv/ dprqj rwkhu uhdvrqv/ eh gxh wr glvfuhwlrqdu| srolf| phdvxuhv1 Zh zloo
wkhuhiruh irfxv rxu dqdo|vlv rqo| rq wkh sduw ri jryhuqphqw h{shqglwxuhv wkdw
lv ohiw diwhu owhulqj rxw glvfuhwlrqdu| srolf| phdvxuhv1
Lq wkh olwhudwxuh wkhuh duh vhyhudo dssurdfkhv wr h{wudfwlqj wkh vwdelol}lqj
frpsrqhqw ri jryhuqphqw h{shqglwxuh1 Rqh rswlrq lv wr orrn dw wkh vxefrpsr0
qhqwv ri jryhuqphqw vshqglqj ru uhyhqxhv wkdw fdq eh uhodwhg pruh gluhfwo| wr
wkh dxwrpdwlf vwdelol}lqj ixqfwlrq1 Dqrwkhu dssurdfk lv wkh rqh dgrswhg e| wkh
LPI dqg wkh RHFG1 Khuh d cf|folfdoo| dgmxvwhg* vfdo edodqfh lv frqvwuxfwhg e|
uhodwlqj wkh exgjhw ghflw wr wkh vwdwh ri wkh f|foh uhodwlyh wr d f|folfdo lqglfdwru
+iru h{dpsoh wkh rxwsxw jds,1
Wkh dssurdfk ri wklv sdshu lv d glhuhqw rqh1 Zh hvwlpdwh dq xqrevhuyhg
frpsrqhqwv prgho iroorzlqj Kduyh| +4<;8/ 4<;<, lq rughu wr vhsdudwh d wuhqg/
d f|folfdo frpsrqhqw dqg dq luuhjxodu sduw ri wkh jryhuqphqw h{shqglwxuh udwlr
vhulhv1 Wkh luuhjxodu sduw lv wkhq dvvxphg wr uhsuhvhqw glvfuhwlrqdu| vfdo sro0
lf| phdvxuhv dqg lv vxewudfwhg iurp wkh gdwd1 Wkh uhpdlqlqj sduw frqvwlwxwhv d
ehwwhu phdvxuh iru wkh vfdo vwdelol}huv1
¨ Iru wkh uhvw ri wkh sdshu zh zloo uhihu


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































9515 Gr vfdo vwdelol}huv uhgxfh exvlqhvv f|foh yrodwlolw|B
Wr jhw d uvw ylvxdo lpsuhvvlrq ri wkh qdwxuh ri wkh uhodwlrqvkls ehwzhhq jry0
huqphqw vl}h dqg rxwsxw jurzwk yrodwlolw| zh glylgh rxu gdwd vhw lqwr 9 vxesh0
ulrgv +4<:30:7/ 4<:80:</ 4<;30;7/ 4<;80;</ 4<<30<7/ 4<<80<<,1
￿ Iljxuh 4 vkrzv
d vfdwwhu sorw wkdw uhodwhv JGS jurzwk yrodwlolw| wr wkh vl}h ri wkh jryhuqphqw
phdvxuhg e| orjjhg dgmxvwhg jryhuqphqw h{shqglwxuhv1 E| uvw h|hedoo lqvshf0
wlrq/ d qhjdwlyh uhodwlrqvkls ehwzhhq wkhvh wzr yduldeohv vhhpv wr suhydlo1
Wkh iroorzlqj edvholqh uhjuhvvlrq lv hvwlpdwhg wr hvwdeolvk wkh hhfw ri vfdo
vwdelol}huv rq rxwsxw jurzwk yrodwlolw|=
Y ROJURZ W K
˝
˛ @ +JRY H[S
˝
<




zkhuh wkh ohiw kdqg yduldeoh lv wkh vwdqgdug ghyldwlrq
￿
$
ˇ ri rxwsxw jurzwk lq
shulrg w +w @ 4> ===> 9 vwdqgv iru hdfk ri wkh vxeshulrgv ghvfulehg deryh, iru
frxqwu| l dqg JRY H[S
˝
˛ lv wkh orjjhg udwlr ri jryhuqphqw h{shqglwxuhv ryhu
JGS/ dgmxvwhg iru wkh luuhjxodu frpsrqhqw1
Wkh uhjuhvvlrq uhvxowv iru htxdwlrq +4,  edvhg rq glhuhqw dvvxpswlrqv iru
wkh huuru whup  duh suhvhqwhg lq Wdeoh 41 Wkh uvw froxpq vkrzv wkh uhvxow iru
wkh dvvxpswlrq wkdw wkh huuru whup lv lqghshqghqw ri wkh furvv0vhfwlrqdo xqlwv
+frxqwulhv, dqg llg qrupdo +wkdw lv/ wkh sdqho lv hvwlpdwhg dv li lw zhuh d furvv0
frxqwu| uhjuhvvlrq lqfoxglqj d frqvwdqw,1 Wkh vhfrqg froxpq vkrzv wkh uhvxowv








˝ lv d frxqwu|0vshflf frqvwdqw dqg %
˛ lv zklwh qrlvh1 Ilqdoo|/ wkh wklug














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































˛ duh ghqhg dv deryh/ dqg 
˛ lv dq h{foxvlyho| wlph0ghshqghqw
frqvwdqw hhfw1
Doo vshflfdwlrqv uhsruwhg lq Wdeoh 4 vkrz d qhjdwlyh frh!flhqw / dqg wkh
frh!flhqw lv kljko| vljqlfdqw iru wkh pruh jhqhudo prghov +5, dqg +6,1 Wkh
uhvxowv wkhuhiruh vhhp wr frqup wkdw vfdo vwdelol}huv kdyh kdg d vprrwklqj




516 Lqwurgxfwlrq ri frqwurov
Wkh uhvxowv ri wkh suhylrxv vhfwlrq vxjjhvw d qhjdwlyh uhodwlrqvkls ehwzhhq jry0
huqphqw vl}h dqg wkh yrodwlolw| ri rxwsxw1 Vwloo/ wkhuh pljkw eh dgglwlrqdo ydul0
deohv wkdw dhfw erwk yrodwlolw| dqg jryhuqphqw vl}h= Lq rwkhu zrugv/ wkh uhvxowv
rewdlqhg vr idu frxog rqo| uhsuhvhqw dq lqgluhfw olqn ehwzhhq yrodwlolw| dqg jry0
huqphqw vl}h1 Zh wkxv dgg vhyhudo yduldeohv wr rxu edvholqh uhjuhvvlrq wr frqwuro
iru wklv srvvlelolw|1
Wdeoh 5 vkrzv wkh uhvxowv ri wkh sdqho uhjuhvvlrq xvlqj dv frqwurov wkh xq0
hpsor|phqw udwh/ lq dwlrq yrodwlolw| dqg JGS shu fdslwd1 Wkh pdlq dujxphqw
iru wkh uvw frqwuro yduldeoh lv wkdw lq wlphv ri zhdn hfrqrplf shuirupdqfh d
orz xqhpsor|phqw udwh +X Q HP S O
˝
˛ , pdnhv hpsor|huv uhoxfwdqw wr glvplvv
zrunhuv dv lw pljkw suryh kdug wr qg d zrunhu ri dssursuldwh txdolfdwlrqv di0
whu hfrqrplf dfwlylw| kdv uhfryhuhg1 D orz xqhpsor|phqw udwh lv wkxv olnho| wr
frqvwlwxwh d vprrwklqj idfwru iru wkh exvlqhvv f|foh lpso|lqj d srvlwlyh uhodwlrq0
vkls ehwzhhq wkh xqhpsor|phqw udwh dqg JGS jurzwk yrodwlolw|1 Rxu vhfrqg
frqwuro yduldeoh/ lq dwlrq yrodwlolw| +Y ROLQ I O
˝
<
˛ ,  phdvxuhg e| wkh vwdqgdug
ghyldwlrq ri wkh lq dwlrq udwh  lv lqfoxghg dv dq lqglfdwru iru prqhwdu| sro0
lf| wkdw fhuwdlqo| lqwhudfwv zlwk JGS jurzwk yrodwlolw|1 Orjjhg uhdo JGS shu
fdslwd +JGS sf
˝
˛ , qdoo| lv dgghg dv d frqwuro edvhg rq wkh dvvxpswlrq wkdw
ulfkhu hfrqrplhv xvxdoo| gr qrw rqo| kdyh d pruh vrsklvwlfdwhg v|vwhp wr frxq0
whuedodqfh hfrqrplf vkrfnv exw dovr d pruh ghyhorshg qdqfldo v|vwhp1
Wkh qhz vshflfdwlrq lv wkxv=






˛ , . 
￿ +XQ HP S O
˝
<
˛ , . +7,

￿ +Y ROLQ I O
˝
<








Zh dovr lqfoxgh wlph gxpplhv dv zhoo dv dq dgglwlrqdo gxpp| yduldeoh wkdw
dffrxqwv iru wkh Jhupdq xqlfdwlrq1 Wkh qhjdwlyh dqg vljqlfdqw frh!flhqw
iru jryhuqphqw vl}h frqupv rxu suhylrxv uhvxowv/ srlqwlqj dw wkh hhfwlyhqhvv
ri wkh vfdo vwdelol}huv1 Wkh frh!flhqwv iru xqhpsor|phqw dqg wkh lq dwlrq
yrodwlolw| glvsod| wkh h{shfwhg srvlwlyh vljqv dqg duh kljko| vljqlfdqw1 Wkh fr0














































































































517 Dffrxqwlqj iru wkh srwhqwldo hqgrjhqhlw| ri vfdo vwd0
elol}huv
Wkh sureohp zlwk htxdwlrq +7, lv wkh srwhqwldo hqgrjhqhlw| ri jryhuqphqw vl}h1
Urguln +4<<;, frpphqwv wkdw dv orqj dv rqh ri wkh jrdov ri jryhuqphqwv lv wr
uhgxfh rxwsxw jurzwk yrodwlolw|/ hfrqrplhv wkdw glvsod| kljkhu yrodwlolw| pljkw
fkrrvh odujhu jryhuqphqwv wr vwdelol}h wkhlu f|fohv1 Lq wklv fdvh htxdwlrq +7,
zrxog eh vxemhfw wr dq hqgrjhqhlw| sureohp dqg ROV hvwlpdwlrq frxog ohdg wr
eldvhg uhvxowv1
Wr dffrxqw iru hqgrjhqhlw| zh qhhg wr qg lqvwuxphqwv iru jryhuqphqw vl}h1
























˛ lv d vhw ri N hfrqrplf dqg srolwlfdo yduldeohv1 Doo yduldeohv wkdw
glvsod| d urexvw dqg vljqlfdqw uhodwlrqvkls zlwk JRY H[S
˝
˛ lq wklv htxdwlrq
exw duh qrw fruuhodwhg zlwk wkh huuru whup ri htxdwlrq +7, duh reylrxv fdqgl0
gdwhv iru lqvwuxphqwv1 Wklv surfhgxuh zloo dovr vkhg oljkw rq wkh ghwhuplqdqwv
ri jryhuqphqw vl}h lq wkh HX frxqwulhv1
Lq d uvw vwhs/ zh lqfoxgh irxu pdfurhfrqrplf yduldeohv lq rxu edvholqh vshf0
lfdwlrq +8,= JGS shu fdslwd/ wkh xqhpsor|phqw udwh/ rshqqhvv dqg lqwhuhvw
sd|phqwv rq sxeolf ghew1 Zh h{shfw d srvlwlyh vljq ri wkh frh!flhqw iru JGS
shu fdslwd ehfdxvh/ dffruglqj wr Zdjqhu*v Odz/ ulfkhu frxqwulhv whqg wr kdyh
odujhu jryhuqphqwv dv vrph sxeolf jrrgv duh frqvlghuhg wr eh lqfrph hodvwlf1
Wkh +sduwldo, fruuhodwlrq ehwzhhq xqhpsor|phqw dqg jryhuqphqw vl}h lv dovr
h{shfwhg wr eh srvlwlyh dv wkh xqhpsor|phqw ehqhwv frqvwlwxwh dq lpsruwdqw
iudfwlrq ri jryhuqphqw h{shqglwxuhv1 Frqfhuqlqj rshqqhvv +RS HQ
˝
˛ ,/ phd0














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































<dujxhv wkdw wkhuh frxog eh d fruuhodwlrq ehwzhhq dq hfrqrplhv* wudgh h{srvxuh
dqg wkh vl}h ri wkh jryhuqphqw dv rshq frxqwulhv duh pruh vxemhfw wr h{whuqdo
vkrfnv/ dqg wkhuhiruh fkrrvh d odujhu sxeolf vhfwru dv d vwdelol}hu1 D ixuwkhu
h{sodqdwru| yduldeoh wkdw lv dvvxphg wr kdyh dq lpsdfw rq wkh jryhuqphqw vl}h
lv d phdvxuh iru wkh lqwhuhvw sd|phqwv rq jryhuqphqw ghew dv d shufhqwdjh ri
JGS +LQ W S D\
˝
˛ ,1 D kljkhu ghew ohyho dv zhoo dv d kljkhu lqwhuhvw udwh rq
jryhuqphqw ghew vkrxog eh srvlwlyho| fruuhodwhg zlwk jryhuqphqw h{shqglwxuhv1
Lq d vhfrqg vwhs/ zh dgg wzr srolwlfdo yduldeohv wr wkh uljkw kdqg vlgh ri
htxdwlrq +8,= d jryhuqphqw vwuhqjwk lqglfdwru dqg wkh qxpehu ri hohfwlrqv1
Wkh uhdvrq iru lqfoxglqj wkhvh yduldeohv dv vxjjhvwhg e| wkh olwhudwxuh rq wkh
srolwlfdo hfrqrp| ri vfdo srolf| lv wkdw vfdo lqglfdwruv +dv ohyhov ri ghflw/ ghew
ru jryhuqphqw h{shqglwxuhv, fdq rqo| sduwo| eh h{sodlqhg e| jhqxlqh pdfur0
hfrqrplf yduldeohv/ dqg wkdw srolwlfdo yduldeohv vxfk dv hohfwrudo dqg srolwlfdo




Wkh uvw srolwlfdo yduldeoh lq rxu vshflfdwlrq lv d phdvxuh iru wkh vwuhqjwk
ri wkh jryhuqphqw +VW UHQ JW K
˝
<
˛ , ylv0ã0ylv wkh rssrvlwlrq1 Lq jhqhudo/ hdfk
sduw| lq sduoldphqw kdv d fhuwdlq qxpehu ri rssruwxqlwlhv wr irup frdolwlrqv
zlwk rwkhu sduwlhv zkhq lw frphv wr vhw xs d jryhuqphqw1 Wkdw lpsolhv wkdw
hdfk sduw| kdv d fhuwdlq ghjuhh ri srzhu wr pdnh ru euhdn d jryhuqphqw frdol0
wlrq1 Yhu| riwhq/ wklv srzhu lv srruo| uh hfwhg e| rqo| orrnlqj dw wkh vkduh ri
vhdwv lq sduoldphqw ri d sduw| 1 Srzhu fdq wkxv eh phdvxuhg pruh dghtxdwho| e|
dsso|lqj yrwlqj srzhu lqglfhv wr wkh glvwulexwlrq ri vhdwv lq sduoldphqw1 Wkh wzr
prvw iuhtxhqwo| xvhg jryhuqphqw srzhu lqglfhv duh wkh Vkdsoh|0Vkxeln0Lqgh{
+Vkdsoh| dqg Vkxeln/ 4<87, dqg wkh Edq}kdi0Lqgh{ +Edq}kdi/ 4<98,1 Wkh jry0
huqphqw vwuhqjwk yduldeoh zh xvh lv wkh qrupdol}hg Edq}kdi0Lqgh{/ ghqhg dv
wkh zhljkwhg vxp ri wkh jryhuqlqj sduwlhv* srzhu lqglfhv1
￿
¶ Lw lv ghqhg ryhu wkh
xqlw lqwhuydo dqg wdnhv wkh ydoxh ri rqh iru d vlqjoh sduw| pdmrulw| jryhuqphqw
zkhuhdv frdolwlrq jryhuqphqwv zloo lq prvw fdvhv kdyh d ydoxh ri vpdoohu wkdq
rqh1 Wkh vr fdoohg czhdn jryhuqphqw k|srwkhvlv* vxjjhvwv d qhjdwlyh uhodwlrq0
vkls ehwzhhq jryhuqphqw vwuhqjwk dqg vfdo h{shqglwxuhv +vhh/ h1j1 Urxelql dqg
Vdfkv/ 4<;<, dqg lw uholhv rq d sulvrqhuv glohppd w|sh ri sureohp1 Dowkrxjk
d jhqhudo fxw ri h{shqglwxuhv pljkw eh d ghvludeoh wdujhw iru doo sduwlhv lq d
frdolwlrq/ qrqh ri wkh plqlvwhuv kdv dq lqfhqwlyh wr vwlfn wr frqvrolgdwlrq djuhh0
phqwv lq klv hog ehfdxvh wklv pljkw xsvhw wkh sduwlhv* rzq yrwhuv1 Wkhuhiruh
zh zrxog h{shfw kljkhu h{shqglwxuhv lq frdolwlrq jryhuqphqwv  wkh rqhv zlwk




Dqrwkhu srolwlfdo yduldeoh wkdw frxog srwhqwldoo| eh ri uhohydqfh dv h{sodqd0
wru| yduldeoh lv wkh qxpehu ri ohjlvodwlyh dqg h{hfxwlyh hohfwlrqv +HOHFW
˝
˛ ,1
Wkh k|srwkhvlv lv wkdw qrw rqo| glvfuhwlrqdu| srolf| pljkw eh gulyhq e| wkh hohf0













































































































































































































































































































































































43frxog eh h{sdqghg ehiruh hohfwlrqv1 Wklv zrxog vxjjhvw d srvlwlyh fruuhodwlrq
ehwzhhq wkh qxpehu ri hohfwlrqv dqg jryhuqphqw h{shqglwxuhv/ hyhq zkhq dg0
mxvwhg iru wkh glvfuhwlrqdu| sduw1
Lq d wklug vwhs zh lqfoxgh wkh vl}h ri wkh hfrqrp| dv d ixuwkhu yduldeoh/
phdvxuhg wkurxjk srsxodwlrq +S RS
˝
<
˛ ,1 Dohvlqd dqg Zdf}lduj +4<<:, vxjjhvw
wkdw wkh fruuhodwlrq ehwzhhq rshqqhvv dqg jryhuqphqw vl}h lv qrw d gluhfw rqh/
exw wkdw wkh olqn lv phgldwhg e| frxqwu| vl}h1 Wkh| vkrz wkdw frxqwu| vl}h lv
qhjdwlyho| uhodwhg wr jryhuqphqw vl}h dv zhoo dv wr wudgh rshqqhvv1








˛ , . 
￿ +XQ HP S O
˝





￿ +LQ W S D\
˝
<
˛ , . 
￿ +VW UHQ JW K
˝
<
˛ , . +9,

Æ +HOHFW , . 




Wkh uvw froxpq lq Wdeoh 6 vkrzv wkh uhjuhvvlrq uhvxowv lqfoxglqj wkh irxu
pdfurhfrqrplf yduldeohv phqwlrqhg deryh1 Doo ri wkhp dsshdu kljko| vljql0
fdqw1 JGS shu fdslwd/ wkh xqhpsor|phqw udwh dqg wkh phdvxuh ri wkh lqwhuhvw
sd|phqwv rq jryhuqphqw ghew doo hqwhu zlwk wkh h{shfwhg srvlwlyh vljqv1 Wkh
qhjdwlyh frh!flhqw ri rshqqhvv/ krzhyhu/ vhhpv wr frqwudglfw wkh k|srwkhvlv ri
Urguln +4<<;,1 Wkh uhdvrq frxog eh wkdw dv vkrfnv duh kljko| fruuhodwhg lq Hx0
ursh wkhuh lv ohvv ghpdqg iru odujh jryhuqphqwv dv dq lqvxudqfh djdlqvw h{whuqdo
vkrfnv1 Rq wkh rwkhu kdqg wkh kljk ghjuhh ri v|qfkurql}dwlrq dovr lpsolhv wkdw
d vpdoo rshq hfrqrp| frxog surw iurp vfdo phdvxuhv ri wkhlu pdlq wudglqj
sduwqhuv dlphg dw frxqwhuedodqflqj vkrfnv dqg frxog wkhuhiruh iuhh0ulgh rq wkh
vwdelol}lqj hhfwv ri vxfk phdvxuhv1 D glhuhqw dujxphqw qdoo| vxjjhvwv wkdw
rshq hfrqrplhv fdq wdnh ryhu qrupv irup wkhlu pdlq wudglqj sduwqhu frxqwulhv/
wkhuhe| uhgxflqj wkh vfrsh ri jryhuqphqw h{shqglwxuhv1
Wkh vhfrqg froxpq vkrzv wkh uhvxowv edvhg rq wkh h{whqghg vhw ri h{sodqd0
wru| yduldeohv1 VW UHQ JW K
˝
˛ hqwhuv zlwk d srvlwlyh vljq/ lqglfdwlqj wkdw
vwurqjhu jryhuqphqwv zhuh dvvrfldwhg zlwk kljkhu jryhuqphqw h{shqglwxuh ud0




¯ Wkh frh!flhqw iru HOHFW
˝
˛ lv srvlwlyh exw qrw vljqlfdqw1 Lq wkh wklug
froxpq/ wkh frh!flhqw iru wkh vl}h ri wkh hfrqrp| hqwhuv zlwk wkh h{shfwhg qhj0
dwlyh vljq dqg lv vljqlfdqw1 Wkh irxuwk froxpq uh0hvwlpdwhv wkh prgho zlwkrxw
wkh hohfwlrq yduldeoh exw zlwkrxw dq| vljqlfdqw fkdqjh iru wkh pdlq uhvxowv1
Edvhg rq wkhvh uhvxowv wkh yduldeohv lqwhuhvw sd|phqwv/ rshqqhvv/ jryhuqphqw
vwuhqjwk dqg srsxodwlrq duh wkh reylrxv fdqglgdwhv dv lqvwuxphqwv lq htxdwlrq
+7,1 Wkh uhvxowv ri wkh uh0hvwlpdwlrq ri htxdwlrq +7, xvlqj lqvwuxphqwdo ydul0








































































































































































































































































44wdnhv d ydoxh ri ;1:/ vr zh fdqqrw uhmhfw wkh qxoo ri qr fruuhodwlrq ehwzhhq wkh
lqvwuxphqwv dqg wkh huuruv lq htxdwlrq +7,1
Hyhq wkrxjk wkh frh!flhqw iru jryhuqphqw vl}h lv vwloo qhjdwlyh/ lw lv qrw
vljqlfdqw dq| orqjhu1 Wklv uhvxow zhdnhqv sulru hpslulfdo hylghqfh/ qdpho|
wkdw vfdo vwdelol}huv kdyh uhgxfhg rxwsxw yrodwlolw|1 Krzhyhu/ lw frxog dovr eh
dq lqglfdwlrq iru rplwwhg qrqolqhdulwlhv lq wkh uhodwlrqvkls ehwzhhq jryhuqphqw
vl}h dqg hfrqrplf yrodwlolw|1 Zh zloo wdnh h{solflw dffrxqw iru wkdw srvvlelolw|
lq wkh iroorzlqj vhfwlrq1
6 D qrqolqhdu hhfw ri vfdo vwdelol}huvB
Wkh uhvxowv ri wkh suhylrxv vhfwlrq surylgh qr fohdu fxw slfwxuh frqfhuqlqj wkh
vprrwklqj fdsdflw| ri vfdo vwdelol}huv1 Fdq zh lqihu wkdw wkh hylghqfh rewdlqhg
vr idu lv d frqvhtxhqfh ri qrqolqhdulwlhv wkdw kdyh qrw ehhq h{solflwo| prghohgB
Wkh olqhdu prgho douhdg| jlyhv hylghqfh iru glplqlvklqj uhwxuqv wr wkh vwdel0
ol}lqj surshuw| ri jryhuqphqw vshqglqj1 Zh frxog/ krzhyhu/ k|srwkhvl}h wkdw
wkh hhfwlyhqhvv ri wklv vfdo srolf| wrro lv vxemhfw wr h{wud glplqlvklqj uhwxuqv
wkdw jr eh|rqg wkh rqhv douhdg| lpsolhg e| wkh xvh ri wkh orjdulwkp ri jryhuq0
phqw h{shqglwxuhv/ srvvleo| hyhq uhyhuwlqj eh|rqg d fhuwdlq wkuhvkrog1 Li vxfk
qrqolqhdulwlhv h{lvw/ wkh frqfoxvlrq ri d vprrwklqj lpsdfw ri vfdo vwdelol}huv ri
suhylrxv vwxglhv pd| qrw krog iru doo ohyhov ri jryhuqphqw h{shqglwxuhv exw kdv
wr eh lqyhvwljdwhg zlwk uhihuhqfh wr wkh vl}h ri wkh jryhuqphqw1
Rxu k|srwkhvlv wkdw qrqolqhdulwlhv dv rxwolqhg deryh pljkw h{lvw lv sduwo|
edvhg rq wkh olwhudwxuh wkdw ghdov zlwk jurzwk hhfwv ri vfdo srolf|1 Khuh
wkhruhwlfdo uhvxowv +vhh/ h1j1/ Eduur/ 4<<3, suhglfw d qhjdwlyh jurzwk hhfw lq
frxqwulhv zkhuh wkh vl}h ri jryhuqphqw h{fhhgv d fhuwdlq wkuhvkrog1 Xqghu wkh
dvvxpswlrq wkdw wkhuh lv d urexvw qhjdwlyh fruuhodwlrq ehwzhhq yrodwlolw| ri rxw0
sxw dqg orqj whup jurzwk/ wkh uhvxowlqj lqyhuvh X0vkdshg uhodwlrqvkls ehwzhhq
jryhuqphqw vl}h dqg jurzwk zrxog wudqvodwh lqwr d X0vkdshg uhodwlrqvkls eh0
wzhhq jryhuqphqw h{shqglwxuhv dqg f|folfdo rxwsxw yrodwlolw|1 Kljkhu ohyhov ri
sxeolf vshqglqj duh ixuwkhupruh dvvrfldwhg zlwk hlwkhu kljkhu wd{hv ru odujhu
exgjhw ghflwv1 Wkh dgyhuvh hhfwv ri kljk wd{ exughq rq surgxfwlrq duh uh0
odwhg wr glvlqfhqwlyh hhfwv dqg pdunhw glvwruwlrqv/ kljk ghflw ohyhov zloo dw
vrph srlqw fuhdwh dq hqylurqphqw ri xqfhuwdlqw| gxh wr wkh orvv ri fuhglelolw|
ri vfdo srolf| +vhh/ h1j1 Jldyd}}l hw do1/ 5333 dqg Shurwwl/ 4<<:,1 Erwk ri wkhvh
hhfwv frxog/ lq gxh frxuvh/ ohdg wr kljkhu rxwsxw jurzwk yrodwlolw|1
D lqlwldo lqglfdwlrq ri wkh suhvhqfh ri qrqolqhdulwlhv fdq eh gudzq iurp Ilj0
xuh 5 wkdw vkrzv wkh uhvlgxdov ri htxdwlrq +7,/ hvwlpdwhg xqghu wkh uhvwulfwlrq

￿ @ 3 +wkdw lv wkh sduw ri JGS jurzwk yrodwlolw| wkdw fdqqrw eh h{sodlqhg e|
wkh uljkw kdqg vlgh yduldeohv rwkhu wkdq JRY H[S
˝
<
˛ lq htxdwlrq +7,, djdlqvw wkh
wwhg ohyhov ri jryhuqphqw h{shqglwxuhv ryhu JGS xvlqj wkh lqvwuxphqwv dqg




iru wkh lqvwuxphqwdo yduldeohv hvwlpdwlrq1 Wkh ylvleoh sduderolf uhodwlrqvkls
vxjjhvwv wr whvw wkh qrqolqhdulw| k|srwkhvlv pruh wkrurxjko|1
Dv d yhu| uvw dwwhpsw wr h{dplqh hpslulfdoo| wkh hylghqfh iru qrqolqhdul0
wlhv lq wkh uhodwlrqvkls ehwzhhq exvlqhvv f|foh yrodwlolw| dqg jryhuqphqw vl}h zh
dsso| wkh olqhdulw| whvw sursrvhg e| Kdqvhq +4<<<,1 Zh whvw wkh olqhdu prgho
djdlqvw d slhfhzlvh olqhdu prgho zkhuh wkh hhfw ri jryhuqphqw h{shqglwxuh rq
jurzwk yrodwlolw| ghshqgv rq wkh ohyho ri jryhuqphqw h{shqglwxuh/ dqg h{solf0
lwo| hvwlpdwh wkh wkuhvkrog ohyho ri jryhuqphqw h{shqglwxuhv vhsdudwlqj wkh wzr
uhjlphv1 Dowkrxjk wkh phwkrgrorj| lq Kdqvhq +4<<<, grhv qrw dffrxqw iru lq0
vwuxphqwdo yduldeoh hvwlpdwlrq/ lw frxog surylgh uvw hylghqfh iru qrqolqhdulwlhv
lq wkh uhodwlrqvkls1 Wkh wkuhvkrog hvwlpdwlrq surfhgxuh lghqwlhv h{dfwo| rqh
wkuhvkrog dw d +orjjhg, jryhuqphqw h{shqglwxuh udwlr ri 619:/ dqg uhmhfwv wkh
qxoo ri olqhdulw| dw wkh xvxdo 8( vljqlfdqfh ohyho1 Iru jryhuqphqw vl}h ohy0
hov ehorz wkh wkuhvkrog wkhuh lv d vljqlfdqw qhjdwlyh uhodwlrqvkls ehwzhhq wkh
jryhuqphqw h{shqglwxuh udwlr dqg JGS jurzwk yrodwlolw|/ surylglqj hylghqfh
iru wkh hhfwlyhqhvv ri vfdo vwdelol}huv lq wklv udqjh1 Eh|rqg wkh wkuhvkrog
ohyho/ krzhyhu/ wkh frh!flhqw lv qhjdwlyh exw qrw vljqlfdqw/ lqglfdwlqj wkdw wkh
vprrwklqj hhfw ri vfdo vwdelol}huv grhv qrw dsso| lq wklv uhjlrq1
Wklv uvw hylghqfh rshqv wkh txhvwlrq ri wkh vshflf qrqolqhdu irup wr eh
whvwhg1 Khuh d xvhixo hfrqrphwulf wrro lv wkh Qhduhvw Qhljkeru Ilw phwkrg +vhh/
h1j1/ Fohyhodqg/ 4<<6 dqg 4<<7,1 Wklv qrq0sdudphwulf dssurdfk wv iru hdfk
gdwd srlqw lq wkh vdpsoh d orfdo olqhdu uhjuhvvlrq olqh/ zhljkwlqj wkh rwkhu re0
vhuydwlrqv= Gdwd srlqwv wkdw duh uhodwlyho| idu iurp wkh srlqw ehlqj hydoxdwhg
jhw vpdoo zhljkwv lq wkh vxp ri vtxduhg uhvlgxdov/ zkloh forvhu gdwd srlqwv jhw
kljkhu zhljkwv1 Wkh uhvxowlqj qrqolqhdu fxuyh lv suhvhqwhg lq Iljxuh 61 Wkh sdu0
derolf irup vxjjhvwv d ohyholqj rxw ri wkh vprrwklqj fdsdflw| ri vfdo vwdelol}huv
zlwk wkh srvvlelolw| ri d uhyhuvhg hhfw eh|rqg wkh plqlpxp1
Edvhg rq wklv hylghqfh zh prgli| rxu prgho e| ohwwlqj wkh jryhuqphqw
h{shqglwxuh udwlr hqwhu lq d txdgudwlf irup1 Htxdwlrq +7, lv uhirupxodwhg dv=
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¨ Wkh frh!flhqw iru jryhuqphqw vl}h lv kljko| vlj0
qlfdqw iru wkh olqhdu dv zhoo dv iru wkh txdgudwlf yduldeoh/ wkhuhe| frquplqj
wkh hylghqfh iru qrqolqhdulwlhv1 Wkh wwhg sduderolf fxuyh kdv lwv orz srlqw




























































































































































































































































































































































































































































Lq rughu wr surylgh dq lqwxlwlrq derxw wkh pdjqlwxghv ri wklv qrqolqhdu hhfw
ohw xv frqvlghu wkh iroorzlqj h{huflvh1 Iru d frxqwu| glvsod|lqj d jryhuqphqw
h{shqglwxuh udwlr fruuhvsrqglqj wr wkh phgldq ydoxh ri wkh glvwulexwlrq lq rxu
sdqho +73196(,/ dq lqfuhdvh ri sxeolf vshqglqj e| rqh shufhqwdjh srlqw zloo/
fhwhulv sdulexv/ udlvh wkh vwdqgdug ghyldwlrq ri rxwsxw jurzwk e| 3135 srlqwv1
Wkh vdph lqfuhdvh lq jryhuqphqw vshqglqj iru d frxqwu| vlwxdwhg dw wkh 58(
shufhqwloh ri wkh glvwulexwlrq +h{shqglwxuh udwlr= 681;:(, zloo ohdg wr d ghfuhdvh
lq exvlqhvv f|foh yrodwlolw| ri 3134 srlqwv1 D frxqwu| dw wkh :8( shufhqwloh
+vshqglqj udwlr= 77147(, qdoo| zrxog lqfuhdvh f|folfdo yrodwlolw| e| 3137 srlqwv
zkhq h{sdqglqj jryhuqphqw h{shqglwxuhv e| 4 shufhqwdjh srlqw1
Wr vxp xs/ rxu uhvxowv lqglfdwh d qrqolqhdu uhodwlrqvkls ehwzhhq jryhuqphqw
vl}h dqg rxwsxw jurzwk yrodwlolw|1 Iru uhodwlyho| orz ohyhov ri wkh jryhuqphqw
h{shqglwxuh udwlr vfdo vwdelol}huv kdyh wkh ghvluhg lpsdfw lq wkdw wkh| uhgxfh
exvlqhvv f|foh  xfwxdwlrqv1 Wklv hhfw/ krzhyhu/ lv qrw zlwkrxw erxqgv1 Iru




7 W rzdugv d qduurzhu ghqlwlrq ri jryhuqphqw
vl}h  zklfk vfdo frpsrqhqwv vwdelol}h prvwB
Lq wkh suhylrxv vhfwlrqv zh kdyh hvwdeolvkhg wkh olqn ehwzhhq vfdo vwdelol}huv
dqg rxwsxw jurzwk yrodwlolw|1 Rq wkh rqh kdqg/ zh kdyh irxqg qr fohdu lqglfd0
wlrq ri d qhjdwlyh uhodwlrqvkls lq d olqhdu vhwwlqj1 Rq wkh rwkhu kdqg zh kdyh
surylghg hylghqfh ri qrqolqhdulwlhv lq wkh vhqvh wkdw wkh hhfw ri vfdo vwdelol}huv
rq exvlqhvv f|foh  xfwxdwlrqv frxog hyhq uhyhuvh iru kljkhu ohyhov1
Ilvfdo vwdelol}huv reylrxvo| gr qrw rqo| zrun iurp wkh h{shqglwxuh vlgh exw
dovr iurp wkh uhyhqxh vlgh1 Wkh dlp ri wklv vhfwlrq lv wr dqdo|}h wkh qdwxuh ri wkh
vprrwklqj hhfw iurp wkh uhyhqxh vlgh1 Xvlqj d glvdjjuhjdwhg gdwd vhw doorzv
xv ixuwkhupruh wr lqyhvwljdwh zklfk vxefrpsrqhqwv ri jryhuqphqw h{shqglwxuh













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































47dqg zkhwkhu wkhuh lv dovr hylghqfh ri qrqolqhdulwlhv iru wkh vxefrpsrqhqwv1
Zh wkhuhiruh uhuxq rxu hvwlpdwlrq e| uvw vxevwlwxwlqj jryhuqphqw vshqglqj
e| wkh ryhudoo phdvxuh uhyhqxhv +UHY HQ
˝
<
˛ ,/ wkdw lv frpsxwhg dv wkh vxp ri
gluhfw dqg lqgluhfw wd{hv dqg vrfldo vhfxulw| dqg rwkhu wudqvihuv uhfhlyhg e| wkh
jryhuqphqw1 Zh wkhq uhshdw wklv surfhgxuh xvlqj dv vxefrpsrqhqwv ri jry0
huqphqw h{shqglwxuhv qrq0zdjh jryhuqphqw frqvxpswlrq +JRY FRQ Vqz
˝
˛ ,/
zdjh jryhuqphqw frqvxpswlrq +JRYFRQVz
˝
˛ ,/ jryhuqphqw jurvv lqyhvwphqw
+LQ Y HVW
˝
˛ ,/ vxevlglhv +VX EVLG
˝
<








lv wkh vxp ri vxevlglhv/ vrfldo vhfxulw| wudqvihuv dqg rwkhu wudqvihuv sdlg e| wkh
jryhuqphqw1 Rq wkh uhyhqxh vlgh zh orrn dw wzr vxefrpsrqhqwv= gluhfw wd{hv
+W D[glu
˝
˛ , dqg lqgluhfw wd{hv +W D[lqglu
˝
˛ ,1
Lqwxlwlyho| wkh vxefrpsrqhqwv rq wkh vshqglqj vlgh wkdw duh prvw gluhfwo|
uhodwhg wr wkh wkhruhwlfdo ghqlwlrq ri vfdo vwdelol}huv duh vrfldo vhfxulw| wudqv0
ihuv dqg vxevlglhv1 Lqyhvwphqw rq wkh rwkhu kdqg fdq eh h{shfwhg wr frqvlvw
wr d odujh sduw ri glvfuhwlrqdu| phdvxuhv1 Iurp wkh wzr jryhuqphqw frqvxps0
wlrq phdvxuhv wkh zdjh sduw pljkw frqwdlq d glvfuhwlrqdu| dv zhoo dv dq vfdo
vwdelol}lqj sduw zkloh wkh qrq0zdjh iudfwlrq vkrxog qrw eh forvho| uhodwhg wr
vfdo vwdelol}huv1 Rq wkh uhyhqxh vlgh lqgluhfw wd{hv gr qrw vkrz wkh vwdqgdug
dwwulexwhv ri vfdo vwdelol}huv olnh surjuhvvlylw| vr wkdw zh h{shfw uhjuhvvlrq uh0
vxowv wr ghyldwh vxevwdqwldoo| iurp wkh rqhv ghulyhg lq wkh suhylrxv vhfwlrqv1
Gluhfw wd{hv rq wkh rwkhu kdqg vkrxog vkrz d kljk ghjuhh ri vwdelol}lqj surshu0
wlhv/ srvvleo| dovr ohyhoolqj rxw eh|rqg d fhuwdlq wkuhvkrog1
Zh wkxv uhuxq wkh olqhdu dqg txdgudwlf uhjuhvvlrqv +7, dqg +:, xvlqj wkhvh
glhuhqw vfdo srolf| phdvxuhv dv h{sodqdwru| yduldeohv1 Doo vfdo phdvxuhv duh
xvhg dv orjv ri wkh vkduh lq JGS dqg wkrvh wkdw duh h{shfwhg wr frqwdlq d vljqli0





˛ , duh dgmxvwhg iroorzlqj
wkh vdph dssurdfk dssolhg wr wkh jryhuqphqw h{shqglwxuh udwlr1 Lq doo fdvhv
wkh hvwlpdwlrq lv grqh xvlqj wkh vdph lqvwuxphqwv vhohfwhg iru wkh fdvh ri wkh
ryhudoo jryhuqphqw h{shqglwxuh phdvxuh1
Wkh uhvxowv ri wkh hvwlpdwlrq ri htxdwlrqv +7, dqg +:, iru wkh glhuhqw vxe0
frpsrqhqwv ri jryhuqphqw h{shqglwxuhv dqg uhyhqxhv duh jlyhq lq Wdeoh 91 Wkh
uhvxowv iru wrwdo uhyhqxhv vkrz wkh vdph fkdudfwhulvwlfv dv wkrvh ri wkh jryhuq0
phqw vshqglqj udwlr= Dffrxqwlqj iru wkh srvvlelolw| ri hqgrjhqhlw| / wkh frh!0
flhqw iru wrwdo uhyhqxhv lv qhjdwlyh exw qrw vljqlfdqw1 Xvlqj d qrqolqhdu prgho/
krzhyhu/ wkh frh!flhqwv duh kljko| vljqlfdqw iru wkh olqhdu dv zhoo dv iru wkh
txdgudwlf whup1 Wkhuhiruh wkh vdph lpsolfdwlrq krogv wkdw wkh vprrwklqj hhfw
ri vfdo vwdelol}huv iurp wkh uhyhqxh vlgh pd| ydqlvk iru kljkhu ohyhov1 Wkh idfw
wkdw d vlplodu uhvxow dssolhv wr gluhfw wd{hv zkloh wklv lv qrw wkh fdvh iru lqgluhfw
wd{hv vxssruwv wkh k|srwkhvlv wkdw lw lv shuvrqdo dqg frusrudwh lqfrph wd{hv
wkdw duh prvw gluhfwo| uhodwhg wr wkh wkhruhwlfdo ghqlwlrq ri vfdo vwdelol}huv1
48Frqfhuqlqj wkh vxefrpsrqhqwv rq wkh h{shqglwxuh vlgh wkhuh lv hylghqfh
iru qrqolqhdulwlhv rqo| iru qrq0zdjh jryhuqphqw frqvxpswlrq zkhuhdv wkh rwkhu
frpsrqhqwv gr qrw vkrz dq| sduderolf uhodwlrqvkls1 Wkh odfn ri vljqlfdqfh ri
wkh frh!flhqwv iru jryhuqphqw jurvv lqyhvwphqw fdq eh lqwhusuhwhg dv hylghqfh
djdlqvw wkh k|srwkhvlv ri d frxqwhu0f|folfdo hhfw ri glvfuhwlrqdu| vfdo srolf|1
Wkh pdlq uhvxow lv wkhuhiruh wkdw ri wkrvh vxefrpsrqhqwv wkdw duh h{shfwhg
wr eh prvw gluhfwo| uhodwhg wr vfdo vwdelol}huv/ rqo| uhyhqxhv dqg gluhfw wd{hv
vkrz wkh k|srwkhvl}hg vprrwklqj lpsdfw +iru orzhu ohyhov,1 Wklv hhfw/ krzhyhu/
uhyhuwv iru kljkhu ohyhov dqg frxog dfwxdoo| lqfuhdvh f|folfdo yrodwlolw|1 Vxevlglhv
dqg vrfldo vhfxulw| wudqvihuv/ rq wkh rwkhu kdqg/ gr qrw kdyh d vprrwklqj lp0
sdfw/ qhlwkhu lq wkh olqhdu qru lq wkh qrqolqhdu prgho vhwwlqj1
8 Frqfoxvlrq
Wkh hhfw ri vfdo vwdelol}huv +sur{lhg e| wkh jryhuqphqw h{shqglwxuh vkduh
dgmxvwhg iru glvfuhwlrqdu| srolf|, rq f|folfdo yrodwlolw| lv vwxglhg iru d sdqho ri
HX phpehu vwdwhv lq wkh odvw wkuhh ghfdghv1 Wkh vprrwklqj lpsdfw ri vfdo
vwdelol}huv lv whvwhg zlwklq d olqhdu dv zhoo dv d qrqolqhdu iudphzrun1 Hylghqfh
iurp wkh olqhdu prgho frqfhuqlqj wkh hhfwlyhqhvv ri vfdo vwdelol}huv lv pl{hg1
Zkloh wkh edvlf ROV uhvxowv frqup wkh qglqj ri sulru hpslulfdo vwxglhv wkdw
vfdo vwdelol}huv kdyh uhgxfhg exvlqhvv f|foh  xfwxdwlrqv wklv hhfw lv qr orqjhu
vljqlfdqw zkhq grlqj lqvwuxphqwdo yduldeoh hvwlpdwlrq wr dffrxqw iru srwhqwldo
hqgrjhqhlw| ri jryhuqphqw vl}h1
Krzhyhu/ wkh uhvxowv edvhg rq d txdgudwlf qrqolqhdu prgho vhwwlqj lqgl0
fdwh d vprrwklqj hhfw iru orzhu ohyhov ri jryhuqphqw vl}h/ exw wkh uhwxuqv wr
vprrwklqj glplqlvk lq d vwurqjhu idvklrq wkdq wkh rqh lpsolhg e| wkh orjd0
ulwkplf vshflfdwlrq1 Iru frxqwulhv zlwk d kljk jryhuqphqw h{shqglwxuh udwlr
wkh vprrwklqj hhfw ydqlvkhv dqg f|folfdo yrodwlolw| pd| wkxv hyhq ulvh1 Wkh
uhvxowv dsshdu urexvw wr wkh h{foxvlrq ri rxwolhuv/ prglfdwlrqv lq wkh vshflf
qrq0olqhdu irup/ wkh xvh ri d glhuhqw vhw ri frqwuro yduldeohv dqg lqvwuxphqwv
dv zhoo dv d jhqhudol}dwlrq ri wkh dgmxvwphqw phfkdqlvp iru wkh jryhuqphqw
h{shqglwxuh udwlr1 Rq d glvdjjuhjdwhg ohyho/ zh qg wkdw wkh qrq0zdjh jry0
huqphqw frqvxpswlrq/ gluhfw wd{hv dqg wrwdo uhyhqxhv glvsod| wkh qrqolqhdulw|
phqwlrqhg deryh/ qdpho| d vwdelol}lqj surshuw| xs wr dq hvwlpdwhg wkuhvkrog
zklfk wkhq hyhqwxdoo| uhyhuwv1 Wkh ydolglw| ri wkh pdlq qglqjv rq wkh uhyhqxh
vlgh vwuhqjwkhqv rxu uhvxowv djdlqvw wkh edfnjurxqg ri wkh glvfxvvlrq rq zklfk
vlgh ri wkh exgjhw wr xvh dv d sur{| iru vfdo vwdelol}huv1
Rxu uhvxowv vxjjhvw wkdw lw pd| eh qhfhvvdu| wr uhdvvhvv wkh uroh ri wkh vfdo
vwdelol}huv  zklfk duh qrzdgd|v jhqhudoo| suhihuuhg e| erwk lqwhuqdwlrqdo lqvwl0
wxwlrqv dqg hfrqrplvwv ylv0ã0ylv glvfuhwlrqdu| vfdo srolf|  lq wkh qrqolqhdulw|
frqwh{w1 Wkh suhihuhqfh iru d uxohv0edvhg vfdo srolf|/ qrwdeo| lq Hxursh/ vwhpv
49iurp wkh idfw wkdw wkh odvw wkuhh ghfdghv zhuh pdunhg e| surorqjhg shulrgv
ri sur0f|folfdo vfdo srolf|1
￿
U
ˇ Wklv dv|pphwulf uhdfwlrq ri vfdo srolf| wr wkh
hfrqrplf f|foh ohg srolwlfdo lqvwlwxwlrqv wr wkh frqfoxvlrq wkdw d sxuho| uxohv0
edvhg vfdo srolf| +lq wkh vdph uhljq dv prqhwdu| srolf|, zrxog ohdg wr d ehwwhu
hfrqrplf rxwfrph lq wkh vhqvh ri uhgxfhg yrodwlolw|1 Jlyhq wkh qhjdwlyh uhodwlrq0
vkls ehwzhhq jryhuqphqw vl}h dqg f|folfdo yrodwlolw| lq sulru vwxglhv/ wklv qrwlrq
vhhpv mxvwlhg1 Krzhyhu/ wkh qrqolqhdu prgho vhwwlqj ri rxu sdshu uhdvvhvvhv
wklv ylhz lq d fulwlfdo zd|1 Wkh glvfxvvlrq rq wkh hhfw ri vfdo vwdelol}huv dqg
rswlpdo jryhuqphqw vl}h pd| jdlq uhdolvp e| wdnlqj lqwr dffrxqw qrqolqhdulwlhv
vxfk dv wkh rqhv prghohg lq wklv vwxg|1
Frplqj edfn wr wkh srolf| uhfrpphqgdwlrqv ri lqwhuqdwlrqdo lqvwlwxwlrqv wr
ohw vfdo vwdelol}huv sod| ixoo|/ rxu frqfoxvlrq lv wkdw wkhvh dvvhvvphqwv vkrxog
eh vxssohphqwhg e| wdnlqj lqwr dffrxqw d vhfrqg glphqvlrq= wkh devroxwh ohyho
ri vfdo vwdelol}huv1 Rqh vkrxog eh dzduh ri wkh idfw wkdw wkh jryhuqphqw vl}h
sod|v d fuxfldo uroh lq ghwhuplqlqj wkh qdwxuh ri wkh uhwxuqv wr vprrwklqj ri v0
fdo vwdelol}huv1 Wkhuhiruh/ dowkrxjk wkh ixoo rshudwlrq ri vfdo vwdelol}huv frxog
eh ghvludeoh/ wkhlu ryhudoo h{whqw pd| kdyh wr eh uhfrqvlghuhg1 Khqfh zh frq0
foxgh cohw wkh vfdo vwdelol}huv sod|/ exw kdqgoh wkhp zlwk fduh*1
814 Dfnqrzohgjphqwv
Zh zrxog olnh wr wkdqn Pdwkldv Vxwwhu dqg Pduwlq Nrfkhu iru surylglqj xv
zlwk gdwd rq srolwlfdo yduldeohv1 Ixuwkhupruh zh zrxog olnh wr wkdqn Khopxw
Krihu/ Odzuhqfh Nohlq/ Zdosxujd Nùkohu0Wùjokrihu/ Urehuw Nxqvw dv zhoo dv
wkh sduwlflsdqwv dw wkh Hdvw0Zhvw Frqihuhqfh 5335 ri wkh Rhvwhuuhlfklvfkh
Qdwlrqdoedqn lq Ylhqqd/ dw wkh Zrunvkrs ri Sxeolf Ilqdqfh dw wkh Xqlyhuvlw| ri
Lqqveuxfn dqg dw lqwhuqdo vhplqduv dw wkh Hxurshdq Fhqwudo Edqn/ wkh Lqvwlwxwh
iru Dgydqfhg Vwxglhv lq Ylhqqd/ wkh Ylhqqd Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf




Wkh gdwd frqfhuqlqj jryhuqphqw h{shqglwxuhv dqg uhyhqxhv duh iurp wkh RHFG
Hfrqrplf Rxworrn gdwdedvh1 Uhdo JGS shu fdslwd dqg JGS jurzwk zhuh frp0
sxwhg lq 4<<8 sulfhv xvlqj gdwd iurp wkh Zruog Ghyhorsphqw Lqglfdwruv 5334
+Zruog Edqn, h{fhsw wkh gdwd iru Zhvw Jhupdq| +4<:30<4,/ zklfk zhuh exlow

















































































































































































































































































































































































































































































4:rshqqhvv yduldeoh zdv uhwulhyhg iurp wkh Zruog Ghyhorsphqw Lqglfdwruv 5334
+Zruog Edqn, h{fhsw wkh gdwd iru Zhvw Jhupdq| +4<930<4,/ zklfk zhuh wdnhq
iurp wkh Shqq Zruog Wdeohv 8181 Wkh vrxufh ri gdwd frqfhuqlqj srsxodwlrq lv
wkh Shqq Zruog Wdeohv 8181 Gdwd rq xqhpsor|phqw dqg lq dwlrq zhuh wdnhq
iurp wkh RHFG Pdlq Hfrqrplf Lqglfdwruv1 Wkh gdwd rq srolwlfdo yduldeohv duh
iurp Kxehu/ Nrfkhu dqg Vxwwhu +5335,1
915 Dgmxvwlqj iru glvfuhwlrqdu| vfdo srolf|= d vwuxfwxudo
wlph vhulhv dssurdfk
Lq rughu wr lvrodwh wkh frpsrqhqwv ri jryhuqphqw h{shqglwxuh wkdw  xfwxdwh
zlwk hfrqrplf dfwlylw|/ wkh |hduo| wlph vhulhv ri jryhuqphqw h{shqglwxuh ryhu
JGS iru hdfk frxqwu| lq wkh vdpsoh lv ghfrpsrvhg lqwr d wuhqg frpsrqhqw/ d
f|folfdo frpsrqhqw dqg dq luuhjxodu frpsrqhqw lq dq dgglwlyh idvklrq1 Zkloh
wkh wuhqg frpsrqhqw uh hfwv wkh orqj0uxq g|qdplfv ri wkh jryhuqphqw h{shq0
glwxuh vhulhv +zklfk fdq eh dffrxqwhg iru e| Zdjqhu*v odz/ iru lqvwdqfh,/ wkh
f|folfdo frpsrqhqw dffrxqwv iru  xfwxdwlrqv uhodwhg wr wkh exvlqhvv f|foh dqg





Lq wkh prvw jhqhudo fdvh wkh yduldeoh ri lqwhuhvw/ wkh jryhuqphqw h{shqglwxuh
vkduh +|







˛ / wkh wuhqg frpsrqhqw/ lv dvvxphg wr eh d udqgrp zdon zlwk guliw/
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Wkh f|folfdo frpsrqhqw/ #











frv  vlq 


































zkhuh  5 +3> 4,/  5 +3> , dqg #
￿
˛ dsshduv e| frqvwuxfwlrq1 Wkh luuhjxodu
frpsrqhqw/ 




sdudphwhuv ri lqwhuhvw lq wkh ghfrpsrvlwlrq fdq eh hvwlpdwhg e| pd{lpxp olnh0
olkrrg phwkrgv diwhu wudqviruplqj wkh ruljlqdo prgho wr vwdwh0vsdfh irup dqg
xvlqj Ndopdq owhulqj lq rughu wr rewdlq wkh suhglfwlrq huuru ghfrpsrvlwlrq1
Wkh dgmxvwhg vhulhv ri jryhuqphqw h{shqglwxuh duh wkhq frpsxwhg dv wkh vxp












































































































































































































916 Wkh Edq}kdi lqgh{
Frqvlghu d vhw ri sod|huv Q @ i4> 5> ==l==> qj zkhuh sod|hu l kdv yrwlqj zhljkw
z
˝ 1 Ohw  eh wkh vhw ri doo srvvleoh frdolwlrqv V zklfk fdq eh iruphg rxw ri Q 1









 t zkhuh t ghqrwhv wkh
pdmrulw| uhtxluhphqw1 Li d frdolwlrq V lv d zlqqlqj frdolwlrq/ wkh ydoxh y ri wklv
frdolwlrq lv ghqhg dv rqh/ vlqfh V fdq ghwhuplqh wkh rxwfrph ri d yrwh1 Doo
orvlqj frdolwlrqv duh dvvljqhg d ydoxh y @ 3 dffruglqjo|1 Wr ghwhuplqh d sod|hu
l*v yrwlqj srzhu/ frqvlghu doo frdolwlrqv zkhuh sod|hu l kdv d vzlqj/ phdqlqj
wkdw sod|hu l lv fuxfldo iru wxuqlqj d orvlqj frdolwlrq lqwr d zlqqlqj rqh1 Sod|hu

































˝  t1 Iurp wkdw fdofxodwh wkh





















uhsuhvhqwv wkh wrwdo qxpehu ri frdolwlrqv lqfoxglqj
sod|hu l1 Wkh qrupdol}hg Edq}kdi0Lqgh{ E
˝ / zklfk lv xvhg lq wklv vwxg|/ uhodwhv
wkh qxpehu ri vzlqjv ri sod|hu l wr wkh wrwdo qxpehu ri vzlqjv ri doo sod|huv/



































Wkh qrupdol}hg Edq}kdi0Lqgh{ zdv frpsxwhg xvlqj gdwd rq wkh glvwulexwlrq
ri vhdwv lq qdwlrqdo sduoldphqwv dqg wkh frpsrvlwlrq ri qdwlrqdo jryhuqphqwv iru
wkh shulrg iurp 4<:3 wr 4<<< +iru ghwdlohg lqirupdwlrq vhh Kxehu hw do1/ 5336,1
Uhihuhqfhv
^4` Dohvlqd/ D1/ R}ohu/ V1/ Urxelql/ Q1 dqg S1 Vzdjho +4<<9,/ Srolwlfdo Lqvwdelolw|







































































































































4<^5` Dohvlqd/ D1 dqg U1 Zdf}lduj +4<<:,/ Rshqqhvv/ Frxqwu| Vl}h dqg wkh Jry0
huqphqw/ QEHU Zrunlqj Sdshu 93571
^6` Duwlv/ P1/ P1 Pdufhoolqr dqg W1 Surlhwwl +5336,/ Gdwlqj wkh hxur duhd
exvlqhvv f|foh/ FHSU Glvfxvvlrq Sdshuv 69<91
^7` Edq}kdi/ M1 I1 +4<98,/ Zhljkwhg Yrwlqj Grhvq*w Zrun= D Pdwkhpdwlfdo
Dqdo|vlv/ Uxwjhuv Odz Uhylhz 4</ 64:06761
^8` Eduuhoo/ U1 dqg D1 P1 Slqd +5336,/ Krz lpsruwdqw duh dxwrpdwlf vwdelolv0
huv lq HxurshB D vwrfkdvwlf vlpxodwlrq dvvhvvphqw/ Hfrqrplf Prghoolqj/
iruwkfrplqj1
^9` Eduur/ U1 M1 +4<<3,/ Jryhuqphqw Vshqglqj lq d Vlpsoh Prgho ri Hqgrjh0
qrxv Jurzwk/ Mrxuqdo ri Srolwlfdo Hfrqrp| <;/ V436V4581
^:` Eodqfkdug/ R1 dqg U1 Shurwwl +4<<;,/ Dq hpslulfdo fkdudfwhul}dwlrq ri wkh
g|qdplf hhfwv ri fkdqjhv lq jryhuqphqw vshqglqj dqg wd{hv rq rxwsxw/
plphr1
^;` Euxqlod/ D1/ P1 Exwl dqg M1 lq*w Yhog +5335,/ Ilvfdo srolf| lq Hxursh= krz
hhfwlyh duh dxwrpdwlf vwdelolvhuvB/ Hxurshdq Hfrqrp|/ Hfrqrplf Sdshuv
4::1
^<` Fohyhodqg/ Z1V1 +4<<6,/ Ylvxdol}lqj Gdwd/ Kreduw Suhvv1
^43` Fohyhodqg/ Z1V1 +4<<7,/ Wkh Hohphqwv ri Judsklqj Gdwd/ Kreduw Suhvv1
^44` Gl{lw/ D1 N1 dqg U1 V1 Slqg|fn/ +4<<7,/ Lqyhvwphqw xqghu Xqfhuwdlqw|1
Sulqfhwrq/ Sulqfhwrq Xqlyhuvlw| Suhvv1
^45` Gùsnh/ P1 +5335,/ Wkh Fdxvdo Olqn ehwzhhq Exvlqhvv0F|foh Yrodwlolw| dqg
Orqj Jurzwk lq RHFG Frxqwulhv/ plphr1
^46` Gud}hq/ D1 +5333,/ Srolwlfdo Hfrqrp| lq Pdfurhfrqrplfv/ Sulqfhwrq/
Sulqfhwrq Xqlyhuvlw| Suhvv1
^47` Hxurshdq Frpplvvlrq +5334,/ Sxeolf Ilqdqfhv lq HPX/ Euxvvhov1
^48` Hxurshdq Frpplvvlrq +5335,/ Sxeolf Ilqdqfhv lq HPX/ Euxvvhov1
^49` Idwäv/ D1 dqg L1 Plkry +5334d,/ Jryhuqphqw Vl}h dqg Dxwrpdwlf Vwdel0
ol}huv= Lqwhuqdwlrqdo dqg Lqwudqdwlrqdo Hylghqfh/ Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv 88/ 605;1
^4:` Idwäv/ D1 dqg L1 Plkry +5334e,/ Ilvfdo Srolf| dqg Exvlqhvv F|fohv= Dq
Hpslulfdo Lqyhvwljdwlrq/ Prqhgd | Fuhglwr 5451
^4;` Jldyd}}l I1/ W1 Mdsshool dqg P1 Sdjdqr +5333,/ Vhdufklqj iru Qrq0
Nh|qhvldq Hhfwv ri Ilvfdo Srolf|/ Hxurshdq Hfrqrplf Uhylhz 77/ 458<0
45;<1
53^4<` Kdqvhq/ E1 +4<<<,/ Wkuhvkrog Hhfwv lq Qrq0G|qdplf Sdqhov= Hvwlpdwlrq/
Whvwlqj dqg Lqihuhqfh/ Mrxuqdo ri Hfrqrphwulfv <6/ 678069;1
^53` Kduglqj/ G1 dqg D1 Sdjdq +5334,/ H{wudfwlqj/ dqdo|vlqj dqg xvlqj f|folfdo
lqirupdwlrq/ sdshu suhvhqwhg dw wkh Edqfd G*Lwdold 0 FHSU Frqihuhqfh rq
Prqlwrulqj wkh Hxur Duhd Exvlqhvv F|foh/ Urph :2; Vhswhpehu 53341
^54` Kduyh|/ D1 F1 +4<;8,/ Wuhqgv dqg F|fohv lq Pdfurhfrqrplf Wlph Vhulhv/
Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 6/ 549055:1
^55` Kduyh|/ D1 F1 +4<;<,/ Iruhfdvwlqj/ Vwuxfwxudo Wlph Vhulhv dqg wkh Ndopdq
Ilowhu/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
^56` Kduyh|/ D1 F1 dqg D1 Mdhjhu +4<<6,/ Ghwuhqglqj/ Vw|ol}hg Idfwv dqg wkh
Exvlqhvv F|foh/ Mrxuqdo ri Dssolhg Hfrqrphwulfv ;/ 564057:1
^57` Khoohu/ S1 V1 +5335,/ Frqvlghulqj wkh LPI*v Shuvshfwlyh rq d %Vrxqg Ilvfdo
Srolf|%/ Sxeolf Fkrlfh/ iruwkfrplqj1
^58` Kxehu/ J1/ P1 Nrfkhu dqg P1 Vxwwhu +5336,/ Jryhuqphqw Vwuhqjwk/ Srzhu
Glvshuvlrq lq Jryhuqphqwv dqg Exgjhw Ghflwv lq RHFG0Frxqwulhv= D
Yrwlqj Srzhu Dssurdfk/ iruwkfrplqj lq Sxeolf Fkrlfh1
^59` Pduwlq/ S1 dqg F1 D1 Urjhuv +4<<:,/ Vwdelol}dwlrq Srolf|/ Ohduqlqj e| Grlqj
dqg Hfrqrplf Jurzwk/ R{irug Hfrqrplf Sdshuv 7</ 48504991
^5:` RHFG Hfrqrplf Rxworrn +5334,/ Yroxph 533425/ Qr1 :3/ Ghfhpehu1
^5;` Shurwwl/ U1 +4<<:,/ Ilvfdo Srolf| Zkhq Wklqjv duh Jrlqj Edgo| / plphr/
Froxpeld Xqlyhuvlw|1
^5<` Shuvvrq/ W1 dqg J1 Wdehoolql +5333,/ Srolwlfdo Hfrqrplfv= H{sodlqlqj Hfr0
qrplf Srolf|/ Fdpeulgjh/ PD/ PLW Suhvv1
^63` Udph|/ J1 dqg Y1 Udph| +4<<8,/ Furvv Frxqwu| Hylghqfh rq wkh Olqn
ehwzhhq Yrodwlolw| dqg Jurzwk/ Dphulfdq Hfrqrplf Uhylhz ;8/ 446;044841
^64` Urguln/ G1 +4<<;,/ Zk| Gr Pruh Rshq Hfrqrplhv Kdyh Eljjhu Jryhuq0
phqwvB/ Mrxuqdo ri Srolwlfdo Hfrqrp| 439/ <<:043651
^65` Urxelql/ G1 dqg M1 Vdfkv +4<;<,/ Jryhuqphqw Vshqglqj dqg Exgjhw Ghflwv
lq wkh Lqgxvwuldol}hg Frxqwulhv/ Hfrqrplf Srolf| ;/ <<04651
^66` Vkdsoh|/ O1 V1 dqg P1 Vkxeln +4<87,/ D Phwkrg iru Hydoxdwlqj wkh Glvwule0
xwlrq ri Srzhu lq d Frpplwwhh V|vwhp/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz
7;/ :;:0:<51
^67` Vohpurg/ M1 +4<<8,/ Zkdw Gr Furvv0Frxqwu| Vwxglhv Whdfk Derxw Jryhuq0
phqw Lqyroyhphqw/ Survshulw|/ dqg Hfrqrplf JurzwkB/ Eurrnlqjv Sdshuv
rq Hfrqrplf Dfwlylw| 5/ 6:67641
54^68` Vwljolw}/ M1 H1 +4<<7,/ Hqgrjhqrxv Jurzwk dqg F|fohv/ lq= Vklrqr|d/ \1 dqg
P1 Shuopdq/ hgv= Lqqrydwlrq lq Whfkqrorj|/ Lqgxvwulhv dqg Lqvwlwxwlrqv/
Xqlyhuvlw| ri Plfkljdq Suhvv/ 45404891
^69` Ydq ghq Qrrug/ S1 +5333,/ Wkh Vl}h dqg Uroh ri Dxwrpdwlf Ilvfdo Vwdelol}huv
lq wkh 4<<3v dqg Eh|rqg/ RHFG Zrunlqj Sdshu/ HFR2ZNS 5333 +6,1










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Iljxuh 4= Dgmxvwhg jryhuqphqw h{shqglwxuh udwlr yhuvxv JGS jurzwk

































































































































































































































































Iljxuh 6= Wkh Qhduhvw Qhljkeru Ilw fxuyh
5: